We analyse Spitzer images of 30 long-duration gamma-ray burst (GRB) host galaxies. We estimate their total stellar masses (M ⋆ ) based on the rest-frame K-band luminosities and constrain their unobscured star-formation rates (SFR) based on the rest-frame UV continuua. Further, we compute a mean M ⋆ /L Krest = 0.45 M ⊙ /L ⊙ . We find that the hosts are low M ⋆ , star-forming systems. The median M ⋆ in our sample ( M ⋆ = 10 9.7 M ⊙ ) is lower than that of "field" galaxies (e.g., Gemini Deep Deep Survey). The range spanned by M ⋆ is 10 7 M ⊙ < M ⋆ < 10 11 M ⊙ , while the range spanned by the unobscured SFR is 10 −2 M ⊙ yr −1 < SFR < 10 M ⊙ yr −1 . There is no evidence for intrinsic evolution in the distribution of M ⋆ with redshift. We show that extinction by dust must be present in at least 25% of the GRB hosts in our sample, and suggest that this is a way to reconcile our lower, UV-based, specific SFR (φ ≡ SFR/M ⋆ ) with previous claims that GRBs have some of the highest φ values. We also examine the effect that the inability to resolve the star-forming regions in the hosts has on φ.
1. INTRODUCTION It is central to contemporary cosmology to map the build-up of cosmic structure and star-formation (SF); and we know that the detection of a gamma-ray burst (GRB) is an indication that its host galaxy harbors massive SF. GRBs are pulses of γ-rays from sources of cosmological origins, and are the most luminous, photonemitting events in the universe. As tracers of SF they have fundamental advantages: dust extinction has essentially no effect in their detection at γ-ray and X-ray wavelengths; GRBs can be observed to very high redshifts; these redshifts can be measured from afterglow spectroscopy independently of the host magnitudes; and the selection of GRBs is independent of the host galaxy luminosity at any wavelength. That is to say that GRBs are unique eyes to gainfully look at the star-forming universe. But the following critical questions should be answered in order to use GRBs as tracers of SF: What is the level of bias in optically-selected GRB host samples? And what is the intrinsic bias in the GRB-SF rate?
A canonical model is well established for long-duration GRBs: they occur in star-forming regions in starforming galaxies (Bloom et al. 2002; Gorosabel et al. 2003a; Christensen et al. 2004; Fruchter et al. 2006) and are associated with stellar core collapse events and hence with high-mass SF (e.g. Galama et al. 1998; Hjorth et al. 2003; Stanek et al. 2003; Zeh et al. 2004; Campana et al. 2006) . The emerging picture, however, is complex. Most GRB host galaxies are faint and blue (Fruchter et al. 1 This work is based in part on observations made with the Spitzer Space Telescope, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under a contract with NASA.
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3 Instituto de Astrofísica de Andalucía (CSIC), c/. Camino Bajo de Huétor, 50, E-18.008 Granada, Spain; jgu@iaa.es. Floc'h et al. 2003) . A few hosts show tentative evidence of very high star-formation rates (SFRs; Chary et al. 2002; Berger et al. 2003) , but their optical properties do not appear typical of the galaxies found in blind submillimeter galaxy surveys (Tanvir et al. 2004; Fruchter et al. 2006) .
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It is currently debated how GRB hosts relate to other known populations of star-forming galaxies. At redshifts around 3 the UV luminosities of host galaxies and the metallicities of GRB sightlines are consistent with the expectation if hosts are drawn from the underlying population of all star-forming galaxies weighted with the total SF density per luminosity bin (Jakobsson et al. 2005a; Fynbo et al. 2008) . With Spitzer's (Werner et al. 2004 ) IRAC (Infrared Array Camera; Fazio et al. 2004 ) midinfrared (MIR) photometry, together with optical and near-infrared (NIR) data, we can establish how the host galaxies relate to other star-forming populations in terms of total stellar mass (M ⋆ ). This is essential if we are to understand the full range of properties of star-forming galaxies at high redshifts and fully exploit the potential of GRBs as probes of cosmic SF.
Castro Cerón et al. (2006) studied a sample of 6 long-duration GRB host galaxies observed with IRAC(interpolated from observed optical fluxes). These unobscured SFRs are lower limits to the total SFR of a galaxy due to the possible extinction by dust, and we compare them with those of Castro Cerón et al. (2006) . Our paper is organized as follows: An overview of the sample selection is given in §2; The analytic methodology is described in §3. M ⋆ for the sample are derived in §4, and §5 sees the computation of the unobscured SFRs. We conclude in §6 with analysis and discussion. We assume an Ω m = 0.3, Ω Λ = 0.7 cosmology with H 0 = 70 km s
2. DATA Our current sample is composed of 30 long-duration GRB host galaxies, three of them within the X-ray flash category (Heise 2003) . We made the selection by requiring each host to have rest-frame K-band data available (for the purposes of this work we define K ≡ 2.2 µm ± 0.3 µm); thus the M ⋆ estimator is well calibrated (Glazebrook et al. 2004 ). An additional requirement for inclusion in the sample was the availability of the redshift.
This 30 GRB host galaxy sample spans a redshift interval 0 < z < 2.7, with a median value z ≃ 0.84. For comparison, the median redshift 4 of those GRBs detected prior to the start of operations of the Swift satellite (Gehrels et al. 2004 ) is z ≃ 1.0, and that of those GRBs detected afterwards is z ≃ 2.3; i.e., in this work we are chiefly looking at the lower end of the GRB redshift distribution. Given the redshifts sampled, the restframe K-band data for 24 of the 30 host galaxies were obtained from the Spitzer Science Archive, where we examined all publicly available hosts up to (and including) October 2007. The remaining 6 GRB hosts (980425, 030329, 031203, 060218, 060505, and 060614) in the sample have very low redshifts (z 0.1), so in those cases K λ obs ∼ K λrest (i.e., K λrest falls within the nominal width of K λ obs ). The sample is presented in Table 1 Table 1 were obtained from the literature. Two UV data points (GRBs 980425 and 060505) come from our analysis of GALEX (Galaxy Evolution Explorer; Martin et al. 2003 Martin et al. , 2005 data.
3. METHODOLOGY For the MIR photometry we use official Spitzer Post Basic Calibrated Data (Post-BCD) products (in Castro Cerón et al. 2006 we carefully verified the Post-BCD with our own reductions). Host extraction is based on the archival imagery world coordinate system calibration and visually confirmed with optical and/or NIR comparison images from the literature. The median separation between the host centroid in each IRAC image and the best set of coordinates published is well below 1 ′′ . GRB 980425 is the only host galaxy resolved in the IRAC images and we have obtained its photometry from the literature (Le Floc'h et al. 2006) . None of the other GRB 4 http://astro.ku.dk/∼pallja/GRBsample.html Number of occurrences Fig. 1. -Distribution of the total stellar mass (M⋆) in GRB host galaxies. Filled histogram: 29 out of the 30 hosts in our sample, spanning a redshift interval 0 < z < 1.5. We note that GRB 030429 has been excluded from the histogram above and the calculation of the median M⋆. This is because its host was never detected at any wavelength and, consequently, no lower limit to M⋆ can be estimated. The horizontal axis shows the inferred host M⋆, derived from interpolated rest-frame K-band flux densities. The median M⋆ of the sample is M⋆ = 10 9.7 M ⊙ . For those host galaxies for which we have upper limits we estimate a conservative lower limit by extrapolating a flat spectrum (fν ∝ ν 0 ) from the reddest NIR/optical detection (references in Table 1, column 4); then we split an area normalized to unit among the bins bracketed by the limits. For each GRB host for which we have detections we assume a normalized Gaussian distribution of the error bars in linear space. Then we allocate M⋆ in proportion to the area of the Gaussian in each bin. Open histogram: Figure 2 from Savaglio et al. (2007) is shown for comparison.
host galaxies of our sample are spatially resolved in the IRAC images, and their flux densities can be estimated using small circular aperture photometry. We measure the flux densities over a circled area of radius 2 pixels. In most cases this allows us to recover the emission of the host while avoiding contamination from other field sources located nearby. But in a few instances there was suspicion that the nearby field sources might be contaminating our host galaxy photometry. As a sanity check we subtracted those field sources and redid the photometry. Field-source subtraction was performed using the detection output image given by the Source Extractor software package (SExtractor; Bertin & Arnouts 1996) , where the detected sources were replaced by background noise. The photometry on the field-source-subtracted images was always consistent with the original aperture photometry. Aperture corrections have been applied to account for the extended size of the PSF. Based on the Spitzer Science Center recipe for Estimating Signal-ToNoise Ratio of a Point Source Measurement for IRAC 5 we calculate conservative errors, including both statistical and systematic estimates. Our flux density measurements and upper limits are given in Table 1 , column (3). We find that, of those hosts in our sample observed with channel 1, about 36% are detected. For channel 2 the rate is about 64%. This is roughly of the same order as the detection rate by Le Floc'h et al. (2006) with IRAC channel 2 (44%), though we caution that both samples are incomplete and suffer from selection biases. Note. -Because host positions are well determined from previous broadband imaging, upper limits are quoted at the 2σ level, while errors are 1σ. All (UV, optical, NIR, and MIR) flux densities and magnitudes in this table (including those in the table notes) are corrected for foreground Galactic dust-extinction. Corrections to the IRAC wavebands follow Lutz (1999) . For the UV, optical and NIR passbands we use the DIRBE/IRAS dust maps (Schlegel et al. 1998 ). We adopt a Galactic dust-extinction curve A λ /A V , parameterized by R V ≡ A V /E(B − V ), with R V = 3.1 (Cardelli et al. 1989 ). Col. (3): Our photometry of Spitzer's IRAC, publicly available, archival data ( §3). Channel 1 = 3.6 µm; channel 2 = 4.5 µm; channel 3 = 5.8 µm; channel 4 = 8.0 µm. Col. (4) ; http://www.ipac.caltech.edu/2mass/), NIR (K S -band) archival data for galaxy ESO 184-G082 (f 21 739Å = 6 510 µJy ± 406 µJy). c Our photometry of GALEX (Galaxy Evolution Explorer; Martin et al. 2003 Martin et al. , 2005 ; http://galex.stsci.edu/), UV archival data for the host galaxies of GRBs 980425 (f 2 267Å = 1 592 µJy ± 162 µJy) and 060505 (f 2 267Å = 72 µJy ± 10 µJy). d K-band is the closest passband, blueward of IRAC, for which this host has data available in the literature. It is a poorly constrained upper limit. We make use of it nevertheless, for methodological consistency (see §3). But we note that in this particular case, given the low redshift of the host, a much closer representation of reality is provided by the lower limit M⋆ = 6.4 × 10 7 M ⊙ (extrapolated from J-band and H-band data). This value is fully consistent with those cited by Thöne et al. (2007) and references therein. e X-ray flash. f Because of the low Galactic latitude (b = −4.6 • ) of this host we correct for dust-extinction overestimates. Following the recommendation by Dutra et al. (2003) we scale the Schlegel et al. (1998) reddening value multiplying by 0.75 and adopt E MW (B − V ) = 0.78 mag. The UV flux density error (column 6) contains the additional 25% uncertainty estimated by Margutti et al. (2007) . g Redshift of the 2dFGRS Public Database (Two Degree Field Galaxy Redshift Survey; http://magnum.anu.edu.au/∼TDFgg/), archival data for galaxy TGS173Z112. Table  1 , column 4).
For each GRB host we compute the flux density at the central wavelength of the rest-frame K-band by means of a linear interpolation in log space. We interpolate between the IRAC channel and the closest passband, blueward of IRAC, for which data are available in the literature. In a few cases the IRAC waveband corresponds to a rest-frame wavelength shorter than K-band, thus we extrapolate. The rest-frame K-band flux densities are shown in Table 1 , column (4), along with the appropriate references. In the same fashion we compute, for each host, the rest-frame UV continuum (2 800Å; Kennicutt 1998) flux density. We either interpolate between the two closest passbands, with data available from the literature, that bracket the rest-frame UV continuum or, when all available data falls redward of 2 800Å, we extrapolate. These results are shown in Table 1 , column (6). In those cases for which only an upper limit to M ⋆ can be computed we also estimate a conservative lower limit. We do so by extrapolating a flat spectrum (f ν ∝ ν 0 ) from the reddest NIR/optical detection available (references in Table 1 , column 4). These lower limits are presented as solid bars in Figures 2, 3 , and 4.
All flux densities listed in Table 1 are corrected for foreground Galactic dust-extinction (see Table 1 notes for the details). Conversion of the magnitudes obtained from the literature to flux densities is based on Fukugita et al. (1995) for the optical passbands and on Tokunaga & Vacca (2005) and Cohen et al. (2003) for the NIR passbands. The error introduced by the assumption of these photometric systems never dominates over the photometric uncertainties themselves and was safely neglected.
TOTAL STELLAR MASSES
We infer M ⋆ for our sample from rest-frame K-band flux densities. The light emitted by a galaxy in the Kband (e.g., the MIR photometry analyzed in this work) is closely related to its M ⋆ and thus it is a reliable estimator (Glazebrook et al. 2004) . It has little sensitivity to dust since the majority of a galaxy's stellar population has moved away from the birth clouds, and because the NIR bands are virtually unaffected by dust extinction. Such derivation of M ⋆ is more physically meaningful than an optical/UV luminosity; it effectively integrates over the accumulated M ⋆ and merger history and can only increase with time, in contrast, for instance, to UV light.
In order to obtain M ⋆ we apply:
where for any given object, D L is its luminosity distance in cm; f ν (ν obs ) is its flux density at the observed wavelength in µJy; observations should have been made at wavelengths 1.9 µm < ν obs /(1+z) < 2.5 µm (e.g., this work); and the factor of 2.67 × 10 −48 converts the second term in equation 1 to units of solar luminosity. The third term in equation 1, M ⋆ /L Krest , also in solar units, must be estimated for each object. M ⋆ /L Krest depends to some extent on the composition of the stellar population (Portinari et al. 2004) or, according to Labbé et al. (2005) (Salpeter 1955) . It is sensible to calculate an average M ⋆ /L Krest because this ratio is nearly constant, with little dependence on the previous SF history. In fact, M ⋆ /L Krest varies only by a factor of two between extremely young and extremely old galaxy stellar populations (Glazebrook et al. 2004 ). So we estimate a conservative 0.4 M ⊙ /L ⊙ in the calculations of M ⋆ for our host sample. Table 1 , column (5) summarises our M ⋆ estimates. Errors quoted are statistical. We present a histogram of the distribution of M ⋆ in log space for our GRB host sample in Figure 1 . Van der Wel et al. (2006) examined redshift dependent systematics in determining M ⋆ from broad band SEDs. They found no significant bias for Bruzual & Charlot (2003) models with a Salpeter IMF (Salpeter 1955) .
For comparison we plot Figure 2 from the Savaglio et al. (2007) preliminary analysis in the background of our histogram. The two samples have a 25 object overlap. Our results clearly suggest more massive hosts, about half an order of magnitude higher (median M ⋆ = 10 9.7 M ⊙ in ours vs. median M ⋆ = 10 9.3 M ⊙ in Savaglio et al. 2007 ; both distributions have a 1σ dispersion of 0.8 dex, and in both cases the average has the same value as the median). Savaglio et al. (2006 Savaglio et al. ( , 2007 fit the optical-NIR SEDs of their host galaxy sample together with a complex set of SF histories. We can reproduce the median and average M ⋆ in Savaglio et al. (2007) with our dataset by applying M ⋆ /L Krest = 0.2 M ⊙ /L ⊙ (The Kolmogorov-Smirnov test indicates to a high probability, p ∼ 0.99 likely because of the 25 object overlap, that our data set and that of Savaglio et al. 2007 come from a population with the same specific disctribution). Their methodology therefore seems to contain an effective M ⋆ /L Krest ratio around 0.2. An adjustment by a factor of ∼2 to this ratio thus explains the discrepancies in M ⋆ between our work and that of Savaglio et al. (2007) . We note that such an adjustment is within the spread of our calculated values (cf., 0.29 M ⊙ /L ⊙ , 0.43 M ⊙ /L ⊙ , and 0.63 M ⊙ /L ⊙ ). The fact that we find larger M ⋆ may also be indicative of underestimated dust extinction in Savaglio et al. (2007) (see §6).
Our M ⋆ are always lower than those of the normal 0.4 < z < 2 galaxies from the Gemini Deep Deep Survey (GDDS; Abraham et al. 2004; Savaglio et al. 2006 ). The GDDS is a deep optical-NIR (K < 20.6) survey complete, for the already mentioned redshift range, down to M ⋆ = 10 10.8 M ⊙ for all galaxies and to M ⋆ = 10 10.1 M ⊙ for starforming galaxies. In our host sample at least 70% of the galaxies have M ⋆ < 10 10.1 M ⊙ . This comparison clearly highlights the efficiency of the GRB selection technique, against that of traditional high-redshift surveys, to pick low-M ⋆ galaxies at high redshifts.
We plot M ⋆ as a function of the redshifts for our 30 GRB host galaxy sample in Figure 2 and find no intrinsic correlation between the two variables. The scatter of M ⋆ is rather uniform across most of the redshift distribution. Hosts with very low M ⋆ are only found at low redshift. For instance, the four GRB hosts (i.e., 060218, 060614, 030329, and 980425) with the lowest M ⋆ (< 10 9 M ⊙ ) have some of the lowest redshift values in our sample. Very low-M ⋆ , high-redshift hosts would have been excluded since most of our largely pre-Swift redshifts were measured in emission, what selects preferentially bright host galaxies. Because the redshift is a requirement for inclusion in our sample we are effectively biased against faint systems. This situation has now been corrected in the Swift era when most redshifts are secured via afterglow absorption spectroscopy. The upper limits in the vertical bars of Figure 2 (i.e., the distribution for each non-detection measurement of M ⋆ ) mark the sensitivity-limited curve for M ⋆ . Conversely, the absence of high-M ⋆ , low-redshift hosts suggests that such GRB host galaxies are rare.
STAR-FORMATION RATES
We compute the unobscured SFR for each host by means of their UV continuum luminosity. We convert flux densities into luminosity densities using (Hogg et al. 2002) . Then we can calculate the unobscured SFRs by applying SFR(M ⊙ yr −1 ) = 1.4 × 10 −28 L UV (erg s −1 ) to the restframe λ = 2 800Å flux densities (Kennicutt 1998) . The results are summarised in Table 1 , column (7). Errors quoted are statistical. In addition there are systematic errors of order 30% (Kennicutt 1998) .
The specific SFR φ ≡ SFR/M ⋆ gives an indication of how intensely star-forming a galaxy is. In Figure 3 we plot φ versus M ⋆ for our GRB host sample. The absence of hosts in the lower-left corner is explained as a combination of selection effects and low-number statistics. A host galaxy in this region of the plot has both low M ⋆ and low SFR, making its detection difficult unless at very low redshifts. As the sampled comoving volume becomes smaller because of the lower redshift required to make a detection, the chance of finding a host decreases accord- (Table 1 , column 7). Dashed diagonals: Constant SFRs of 100, 10, 1, 0.1, and 0.01 M ⊙ yr −1 respectively. Black arrows: Magnitudes of the displacements due to extinction by dust in the UV (e.g., 1 mag; vertical) and changes in our estimation of M⋆/L Krest ∼ 0.4 M ⊙ /L ⊙ (e.g., a factor of 50%; diagonal). Right axis: Color term equivalent to φ. Top axis: Absolute K-band AB magnitude, equivalent to M⋆. The top/right axes represent our GRB host sample in color-magnitude space, effectively equivalent to φ vs. M⋆.
ingly. Given the size of our sample, it is reasonable to expect no detections in this area of the plot. The four GRB host galaxies with the lowest M ⋆ (GRBs 060218, 060614, 030329, and 980425) are all at very low redshifts and UV bright. We also note that our sample may be biased against low-SFR hosts, since many redshifts have been measured from emission lines. On the other hand, the non-detection of any GRB host in the upper-right corner of Figure 3 should not be due to a selection effect. Such hosts either do not exist or their afterglows were obscured by dust, thus preventing their localization. The sample at hand offers some indication as to the former posibility. Our two host galaxies with the highest M ⋆ (GRBs 030328 and 980613) would require a dust extinction of A V ∼ 5 mag to show there. Yet such dust-extinction levels can be ruled out by the constraints on the SFR from the IR and the radio (see §6 below).
To exemplify how the estimation of M ⋆ /L Krest ∼ 0.4 M ⊙ /L ⊙ affects the location of our hosts in the plot we suppose a 50% uncertainty. We repeat the exercise for an UV-continuum dust-extinction of 1 magnitude. The corresponding displacements are plotted in Figures 3 and  4 with black arrows. The magnitude of these displacements is limited enough not to affect our analysis.
ANALYSIS AND DISCUSSION
We find the GRB host galaxies in our current sample possess a wide range of properties; with 10 7 M ⊙ < M ⋆ < 10 11 M ⊙ ; and 10 −2 M ⊙ yr −1 < unobscured SFR < 10 M ⊙ yr −1 . Yet this diversity points towards low M ⋆ , star-forming systems.
Part of our host sample is extinguished by dust. Fig. 4 .-Specific SFR (φ) as a function of total stellar mass (M⋆) for our GRB host galaxy sample and other representative types of galaxies (for a similar plot see Erb et al. 2006; Castro Cerón et al. 2006) . Blue squares and triangles: Host galaxy sample from this work, with unobscured SFRs derived from the rest-frame UV continuum. Triangles mark upper limits for either M⋆, SFR, or both. The open blue triangle and square mark the hosts of GRBs 970828 and 980613 respectively (see §6). Black squares: SFR values constrained with a best fit SED model (Castro Cerón et al. 2006) . Grey squares: Highest/lowest SFR values for those hosts for which a best fit model could not be established (Castro Cerón et al. 2006) . Both the black squares and the grey squares have been shifted here correspondingly to compensate for the difference in M⋆/L Krest methodology (i.e., from a lower limit value of 0.1 M ⊙ /L ⊙ in Castro Cerón et al. 2006 to a best estimated value of 0.4 M ⊙ /L ⊙ in this work). Yellow diagonals, dashed diagonals, and black arrows are as in Figure 3 . Right axis: SFR timescale (T SFR = M⋆/SFR), the inverse of φ. On this scale the solid horizontal lines represent the age of the universe for the marked redshift. The distribution of our sample in parameter space suggests that GRBs trace galaxies that are not selected with other techniques. Data points: GRBs from this work and Castro Cerón et al. (2006) . DRGs from van Dokkum et al. (2004) . LAEs from Gawiser et al. (2006) , Nilsson et al. (2007) , and Lai et al. (2008) (filled stars; average values of the LAE population as a whole, obtained from stacked photometry); N. Pirzkal, S. Malhotra, J. E. Rhoads, & C. Xu (2007, priv. comm.; empty stars; see Pirzkal et al. (2007) for the average values and a description of these sources). Spectroscopically confirmed LBGs from Shapley et al. (2001) and Barmby et al. (2004) . SMGs from Borys et al. (2005, M⋆) and Chapman et al. (2005, SFR) , where we have considered L BOL ≃ L farIR , then applied the Kennicutt (1998) calibration. z ∼ 2 from Erb et al. (2003) and Reddy et al. (2006) . SED fitting), as well as 980703, 000210, and 000418 (Castro Cerón et al. 2006, SED fitting for GRB 980703; Micha lowski et al. 2008, SED modelling) , have highly obscured SFRs. Additionally several authors argued for dust extinction in the host of GRB 031203 (e.g., Prochaska et al. 2004; Margutti et al. 2007) . Applying the recipe in Castro Cerón et al. (2006) to this host galaxy's MIR photometry (f 3.6 µm = 216 µJy ± 3 µJy; f 5.8 µm = 390 µJy ± 16 µJy; f 24 µm = 13 103 µJy ± 41 µJy; flux densities corrected for foreground Galactic dust-extinction, Lutz 1999; Dutra et al. 2003) we obtain a SFR L8−1000 = 13 M ⊙ yr −1 . That brings the total number of extinguished hosts to at least 7 out of 30, and allows us to crudely estimate that >25% of the sample in this work suffer significant dust extinction (A V 1 mag). Neither our host galaxy sample, nor those others cited in this work, are bias-free. The searches for the GRBs in such samples have been carried out mostly following the localization of an optical afterglow, implicitly biasing the sample against dust-extincted systems. Such potential bias strengthens our statement on dust extinction in GRB host galaxies. Parenthetically, we note that GRBs 970828, 980613, 980703, and 990705 make up two-thirds of a redshift-z∼1-selected, small subsample (Castro Cerón et al. 2006; Le Floc'h et al. 2006) . They hint at the possibility that even a higher fraction of hosts are affected by dust extinction, though with the caveat of low-number statistics.
Castro Cerón et al. (2006) plotted φ versus M ⋆ for six GRB hosts and samples of five other representative types of galaxies: distant red galaxies (DRGs), Lyα emitters (LAEs), Lyman break galaxies (LBGs), submillimeter galaxies (SMGs) and an ensemble of optically-selected, z ∼ 2 galaxies from the Great Observatories Origins Deep Survey-North field. In Figure 4 we plot, with blue symbols, our 30 host sample using a revised M ⋆ /L Krest ratio, along with the samples in Castro Cerón et al. (2006) . In our φ versus M ⋆ plot (i.e., Figure 4 ; we use SFR UV ) the obscuration of SF by dust pulls the GRB data points down along a vertical line. One way to reconcile the φ values of host galaxies in Castro Cerón et al. (2006) and this work is to invoke extinction by dust of the order of A V ∼ 1-3 mag (see below). The conversion from A UV to A V follows Cardelli et al. (1989) .
A primary scientific goal in the quantification of galactic evolution is the derivation of the SF histories, as described by the temporal evolution of the star-formation rate, SFR(t). Castro Cerón et al. (2006) noted that their sample had T SFR < t universe , allowing for a history of constant SF, with a robust lower limit in
For the sample we present in this work, where we adopt M ⋆ /L Krest ∼ 0.4 M ⊙ /L ⊙ , clearly few GRB host galaxies are not allowed to have a history of constant SF (i.e., young stars dominating the stellar populations of old galaxies; see the right ordinate axis in Figure 4) . Either a starburst episode was present in the past, or a higher recent SFR is required. The latter possibility is consistent with a fraction of GRB hosts having SF obscured by dust. The hosts of GRBs 970828 and 980613 (open blue symbols in Figure 4 ) are good examples because, under the assumption of constant SF, major dustextinction must be invoked to account for the age differences. φ UV estimates result in T SFR ∼ 6 Gyr for GRB 970828 and T SFR ∼ 32 Gyr for GRB 980613, while φ LK estimates (see Castro Cerón et al. 2006 ) result in T SFR ∼ 300 Myr for both of them. The discrepancies in T SFR imply a dust extinction of the order of A V ∼ 1.6 mag for GRB 970828 and A V ∼ 2.5 mag for GRB 980613. These discrepancies are consistent with the radio-constrained SFR upper limits (∼100 M ⊙ yr −1 for GRB 970828, and ∼500 M ⊙ yr −1 for GRB 980613) derived by applying the Yun & Carilli (2002) methodology to the deepest radio upper limits reported by Frail et al. (2003) .
A dilution effect is present in our MIR photometry. Hosts in our current sample are not spatially resolved in the Spitzer imagery (in the case of GRB 980425 we utilize the total flux of the galaxy for consistency with the rest of the sample). To estimate their M ⋆ we measure the total K-band light. L K traces the accumulation of M ⋆ (Glazebrook et al. 2004) while, most commonly, the SF is ongoing in only a small part of the host galaxy. So we do not normalize our sample's unobscured SFRs by the total stellar mass of the star-forming region(s), rather by M ⋆ , which results in lower φ values. This dilution effect pulls the GRB data points in a φ versus M ⋆ plot down along the diagonal (dashed) lines marking constant SFRs.
Extinction by dust, coupled with the dilution effect, could be responsible for the apparent envelope that can be visualized in Figures 3 and 4 : a flat plateau with no objects above a certain φ value (∼2.5 Gyr −1 ), and that starts to curve down beyond a particular M ⋆ (10 10 M ⊙ ). Correcting for dilution and, chiefly, for dust extinction would yield a new plot where our host sample would align consistently with the results/upper limits of Castro Cerón et al. (2006) , and provide support to the claim that GRB host galaxies are small and have some of the highest φ values.
We conclude by putting forward a simple idea for GRB hosts based on the data analyzed here. As a working hypothesis we suggest that, while low M ⋆ hosts might contain no dust (i.e., host galaxies with a low M ⋆ and a low SFR are rare; see §5), progressing upwards in the M ⋆ distribution of host galaxies will yield significant dust extinction, as well as the already mentioned dilution effect (i.e., the apparent envelope described above for Figures 3  and 4) . Our suggestion is consistent with the theoretical predictions presented in Lapi et al. (2008) . They further predict that GRB host galaxies trace the faint end of the luminosity function of LBGs and LAEs. Future work (i.e., Herschel observations) on a complete host sample will allow us to test this by quantifying dust extinction and the dilution effect.
The nature of GRBs 060505 and 060614 is strongly debated as no supernova was associated with these long-duration GRBs to deep limits Gehrels et al. 2006; Della Valle et al. 2006a; Gal-Yam et al. 2006) . GRB 060505 falls within the distribution of other long-duration GRB hosts in our sample, whereas GRB 060614 seems to be an outlier. Though this may indirectly suggest that the progenitor of GRB 060614 is different from other typical long-duration GRBs, we note that its SFR is in range with that of the bulk of the sample; and as for M ⋆ , its properties are not very different from some of our other low-redshift host galaxies (e.g., GRBs 060218, 030329, and 980425).
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